Aluminum's unique properties, e.g. light weight, high strength, and resistance to corrosion, make it an ideal material for use in conventional and novel applications. Aluminum has become increasingly used in the production of aerospace equipment, automobiles and trucks, packaging of food and beverages. However it suffers from poor joint strength when welded by conventional fusion welding. In this investigation an attempt has been made to improve the welded joint strength through using of electron beam welding (EBW). Due to special features of EBW, e.g. high energy density and accurately controllable beam size and location, in many cases it has proven to be an efficient method for joining difficult to weld materials. In this paper, the effects of EBW parameters on the ultimate tensile strength (UTS) has been investigated, The experiments were based on one-variable-at-a-time (OVAT) method,
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Introduction:
The properties of Aluminum alloys, viz. high thermal conductivity, high strength, good formability and low weight, made it considerable for aerospace structure, shipbuilding, cars manufacturing, etc. [1] . However there are many problems associated with welding of aluminum and its alloys that make it difficult to weld by conventional process. Conventional aluminum weld joints are characterized by the following defects: gas porosity; oxide inclusions; solidification cracking (hot tearing); reduced strength in both the weld and heat affected zone (HAZ); lack of fusion; reduced corrosion resistance; and reduced electrical resistance [2] .
Welding processes such as friction stir welding; gas metal arc welding (MIG); and electron beam welding (EBW) are adopted for joining aluminum components [3] . The high power density associated with the electron beam (EB) and the ability to work in a vacuum environment make it possible to use the process for joining metals which not only have high melting points but also those which are extremely reactive when hot or molten [4] . Aluminum and many of its alloys can be welded readily using the EB process without the danger of oxidation and subsequent undetectable degradation of ductility. For this reason, the process is used widely in the aero engine industry for welding aluminum alloy parts [5] .
Improper selection of process parameter causes defects in the fusion zone (FZ) of weldments, which could seriously influence the weld mechanical properties. Presently, there have been only a few studies on EBW of aluminum and its alloys [6] [7] [8] , which is generally due to the high cost of EBW equipment for academic research. Welding quality is strongly determined by mechanical properties of the welded joints. Therefore, the selection of the welding process parameters is very essential for obtaining optimal tensile strength. There are several approaches which can be used to investigate the effects of different testing parameters, such one-variable-at-a-time (OVAT) procedure, fractional factorial designs, and Taguchi method [9] [10] [11] . One of the common approaches employed by many engineers in manufacturing is (OVAT), where we vary one variable at a time keeping all other variables in the experiment fixed. Even though fractional factorial designs have well-known advantages over (OVAT) designs, the latter have several attractive features such as run size economy, continually receive information from each run rather than having to wait until the entire experiment is completed [12] . The most important input EBW parameters which would control the welding quality outputs are: beam current (Ib); sweep size (ss); welding speed (v); and focus position (If) [13] The aim of this study is to investigate the effects of previously mentioned welding parameters on the ultimate tensile strength (UTS) as a welding output and considered as a response, and the prediction of the optimal combinations of the welding parameters with an objective of maximizing it. The experiments were based on (OVAT) method (four factors with three levels). Accordingly, 27 specimens of AA1350 aluminum alloy plate were welded in three sets each corresponds to different working distances (WD), and examined in a comparative study.
Experimental method:
The workpiece material is strain hardening AA1350 aluminum alloy with chemical composition and mechanical property shown in table 1 and table 2 respectively, this alloy has a relatively large Fe and Si content to promote solid solution strengthening. The presence of Fe and Si as an impurity element in 1350 aluminum alloy results in forming of Al 12 Fe 3 Si or Al 9 Fe 2 Si 2 constituents at grain boundaries [3] . The size of each plate is (70×60×8mm).
The specimens were initially cut by hack saw and ground using 400, 600, grit emery paper to guarantee good surface finishing and the flatness of each faces at the same level before conducting the experiments, and oxide film was removed by wire brush and degreased with acetone. A large number of trials have been conducted by try and error procedure to determine the working range of each factor, Absence of visible welding defects and at least half depth penetration were the criteria of choosing the working ranges. The levels for each factor were listed in table 3.
In this work, Seo TECH -6O electron beam machine is used to conduct a series of experiments, the welding is done in the flowing sequence: the workpiece is loaded and fixed onto work-holding mechanism in welding chamber; then starting chamber pump down; after chamber has been reduced to 10 -5 mbar the parameter was set to desired level and the beam was align to joint by using very low power beam spot; and then the welding operation has been conducted in auto mode.
After two plates welded together by a butt joint process the specimens for each run are prepared by cutting the plates 5mm away from the edge with cutoff wheel, the specimens are then cut into three samples, tensile test, impact tests , and metallographic observation, as shown in fig.1 .
Figure (1). Preparation of the AA1350 aluminum alloy samples for various inspection
purposes Tensile test is conducted using Instron computer-controlled testing machine (model 8032). All the welded specimens are failed in the weld region, so the ultimate tensile strength of the specimens is the strength of the weld. Table 4 presents the lay out of this experiment, and the result of tensile test for each set. Hardness test, impact test, and metallographic observation are done for two specimens with the highest and lowest UTS. Impact tests are measured by using charpy impact machine.
The hardness variation from the center of the fusion zone (FZ) across heat affected zone (HAZ) and to base metal (BM) is measured at an interval of 2 mm with an indenting load of 15.625kg by using Brinnell hardness testing machine, the position of hardness test are shown in Fig. 2(a) and the results are presented in Fig. 2(b) .
Table 4 result of tensile test
Specimens for metallographic observation are suitably sectioned, mounted in transverse direction of the welding, mechanically polished according to standard metallographic procedures and etched using modified poulton reagent [50ml poulton reagent (60%HCl, 30%HNO 3 , 5%HF, 5%H 2 O), 25ml HNO 3 , 40ml of solution of 1g chromic acid per 10ml of distilled water]. The etched samples are then placed under optical microscope to obtain a magnified image of the contours of penetration and HAZ. The experiments of set-I produced better results as seen from Table 4 compared to set-II and set-III. So set-I only is considered in this discussion. The effects of the parameters on the output response for set-I are shown in Fig. 5 , and can be summarize as follows.
• Weld speed: The effects of welding speed on the weldment strength are represented in Fig.  5(a) . These results reveal that increasing welding speed increases the weldment strength to a max-value, and then further increase in welding speed decreases this strength. The weld bead obtained at low speed has a tear drop shape because of high heat input. As speed increases, heat input decreases and the weldment strength increases until an optimal value then decreases slightly due to the decrease in penetration depth. From experimental trials welding speed of 7mm/s has shown good results.
(a). (b) (c) (d) Figure (3): Optical micrographs showing (a) fusion boundaries of the highest UTS sample, (b) microstructure of BM, (c) microstructure of HAZ, (d) microstructure of FZ

Figure (4). Optical micrographs showing fusion boundary of the worst sample
Proceeding of the 14 th AMME Conference, 25 -27 May 2010
Paper MS -12 8
• beam current: it was observed that as the beam current increases the UTS increases until an optimum value then decreases with any increase in beam current, Fig • Focus current (focal position): it was observed that weldment strength in the first stages increases as focus current is increased as shown in Fig. 5(c) , focusing the electron beam (using If = 902mA) at the bottom of the welded specimen may lead to a substantial spreading of beam power onto wide area. Therefore, wide area of the base metal will melt; and hence, the weld pool exhibits shallow penetration and a large width/depth ratio so UTS decreases.
When focusing beam current at the surface (using If = 922mA) penetration depth decreases and so UTS decreases, highest strength obtain when focusing beam current almost at the middle of the workpiece (using If = 912mA).
• Sweep size: as shown in Fig. 5(d) , increasing the sweep size lead to an increase in the bead width and hence the weld strength decreases.
Impact tests showed that minimum value of absorbed energy were obtained in the specimens shows small recrystallisation nuclei forming and growing on the grain boundaries of the original elongated microstructure. This (HAZ), is relatively narrow, on the other hand Fig .3(d) shows the microstructure of the softened region of the weld line (FZ). It can be seen that the welding process has dramatically altered the microstructure of the material in this region. The heavily worked microstructure of the base material has been completely replaced by a dendritic microstructure.
Conclusions:
In this study, the effects of the EBW parameters on weld strength using OVAT have been reported. The following points can be concluded from this study:
(i) Controlling electron beam welding parameters when joining AA1350 aluminum alloy could produce high weldment strength and a narrow HAZ.
(ii) The UTS of the welded joint obtained by EBW technique can attain more than 90% of the strength of the unwelded base metal in this category of aluminum alloy having poor weldability.
(iii) The bead region in EBW joint demonstrates the lowest value of hardness relative to the strain hardened base metal due to the processes of crystallization and recrystallization during the advance of the localized electron beam.
(iv) The impact toughness of EBW joint can attain about 80% of the toughness of the base metal.
(v) The uses of the OVAT method are economical in run size and can greatly simplify the effect of the process parameter on the weldment strength. However OVAT design does not give precise information about interactions between parameters. A good alternative to the OVAT design is the factorial design, where tests are conducted at as many as possible combinations of the operating factors.
